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REMARKS/A R nTrMFNTs 

I. Status of the Claims 

Claims 1-9, 1 1, 19-24, 52-55, 57. 59-65, 68-75, 77, 79-88, 90-99, and 301-103 are 
pending. Claims 8, 10, 12-18, 25-51, 56, 58, 66, 67, 76, 78, 89, 98, and 100 have been canceled. 
Claims 19-24, 59-65, 79-88, 90-97, 99, and 101-103 have been withdrawn from examination. 

II. The Amendments Herein 

The amendments herein add no new matter. 

The amendments to the specification add information about patents and to clarify 
whether SEQ ID NO:l is the sequence of me 3B3 antibody or of 3B3(Fv), as requested by the 
Examiner and correct typographical errors. Reference to an unnecessary European application is 
deleted, and information about a relevant Federal grant is added. These amendments were 
previously made in the amendment dated December 9, 2003, but not entered. 

The claims have been amended to specify mat the binding affinity and specificity 
of the claimed anti-gpl20 antibodies are measured against the affinity and specificity of 3B3 Fv 
(SEQ ID NO:l). The recitation is supported throughout the specification, including page 2, lines 
29-32. 

Entry of the present amendments is respectfully requested as they do not 
introduce new issues for search and examination and either place the claims in condition for 
allowance or reduce the issues for appeal. 

in. The Telephone Interview 

The Applicants thank the Examiner for arranging and participating in the 
telephone interview held September 1, 2005 with Examiner Zeman, Supervisory Examiner 
Smith, and the undersigned counsel. Applicants believe that the interview was helpful in 
understanding the Examiner's position and thereby in expediting prosecution. As provided by 
MPEP §713.04, the substance of the points discussed in the interview are set forth below so that 
it is of record in the proceeding. 
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IV. The Office Action 

The Final Office Action (hereafter, the "Action") rejects the claims on various 
grounds. Applicants amend in part and traverse the rejections. For the Examiner's convenience, 
the rejections are addressed below in the order in which they are presented in the Action. 

A. Objections to the Specification 

The Action maintains the objection to the specification for referring to U.S. patent 
applications that have since issued as patents. The amendments are believed to obviate the 
Section. The Action further maintains the objection thai it is not clear whether SEQ ID NO: I is 
the sequence of the 3B3 antibody or of 3B3(Fv). The specification has been amended to clarify 
the references to SEQ ID NO:l. 

B. Rejection for alleged lack of enablement 

Claims 8, 10, 55, 56, 58, 74, 76, and 78 remain rejected under 35 U.S.C. § 1 12, 
first paragraph, as allegedly not enabled. According to the Action, the specification does not - 
explicitly define what sequences and linkers comprise either 3B3(Fv) or 3B3(dsFv). The Action 
notes that the linker in SEQ ID NO:l is an exemplar linker and states The fact that the linker 
is variable, there is no unique sequence associated with the identifier 3b3(Fv)." Action, at page 

4. With respect to the dsFv, the Action states that "while the skilled artisan would be able to 
form disuffidc-stabilizcd Fvs, there is no specific disclosure as to which amino acids in the 3 B3 
antibody need to be replaced with cysteines when forming the 3B3(dsFv). Consequently, the 
specific sequence associated either [with] 3b3(Fv) or 3B3(dsFv) is not known." Action, at page 

5. The Action concludes that "[s]ince the specification provides no sequences for said material 
and one of skill would not be able to discern what VH and VL sequences of the 3B3 antibody are 
incorporated into the claimed 3B3(Fv) or 3B3(dsFv), deposit of the aforementioned biological 
material is required. Applicants amend in part and traverse. 
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In the.telephone interview, the Examiner clarified that the concern was that the 
claims in question referred to particular molecular entities, but the exact sequence of the entity 
referenced was not specified. For the sake of good order, Applicants respectfully note that this 
rejection is based on an incorrect reading of the claims. The recitation of "3B3(Fv>PE38" and 
fl 3B3(dsFv)-PE38" in the rejected claims could be met by any of a number of constructs. For 
example, the "3B3(dsFv) B portion of a "3B3(dsFv>PE38" immunotoxin could reflect any 
antibody in which the VH and VL chains of the 3B3 Fv arejoined by adisulfide bond between 
cysteine residues. Similarly, the "3B3(Fv)-PE38" recitation is satisfied by any immunotoxin in 
which the toxic moiety is targeted by the VH and VL chains set forth in SEQ ID NO:l , 
regardless of the particular linker joining the two chains. 

Although the Applicants therefore maintain that the rejection is grounded on an 
incorrect reading of the claims, to expedite prosecution, the claims reciting "3B3(FV)-PE38" or 
"3B3(dsFv)-PE38" have been cancelled. Applicants note for the record that the cancellation of 
these claims is not intended or believed to narrow the coverage of the claims, as the claims 
rending after the amendment are broader than those canceled. The cancellation of the claims to 
which the rejection pertains, of course, should obviate the rejection. 

C. Rejection of the Claims as Obvious over Matsushita 
Claims 1-6, 8, 9,11, 52-55, 57, 68-72, and .74-77 are rejected under 35 U.S.C. § 
103(A) as obvious over Matsushita at aL, AIDS Research and Human Retroviruses, 6:193-203 
(1990) ("Matsushita") in view of Barbas, Proc Natl Acad Sci 91:3809-3813 (1994) ("Barbas") 
and Pastan, U.S. Patent No. 5,458,878 ("Pastan"). According to the Action, Matsushita 
discloses the anti-gpl 20 antibody 0.50 coupled to PE. The Action states that, given that 
Matsushita discloses an antibody reactive with a number of HTV isolates, it would have been 
obvious for one of ordinary skill to use the 3B3 antibody in the Matsushita irnmunotoxirt 
Applicants traverse. 

As Applicants noted in the amendment dated December 9, 2003, the rejection 
rests on the assumption that the person of skill in the art would have been motivated to modify 



Page 16 of 24 

PAGE 21/42 • RCVD AT 9/1 9/2005 8:08:08 PM [Eastern Daylight Time] • SVR:USPTO-EFXRF-6729 ' DNIS:27383M * CSID:415 578 0300 • DURATION (mnvss):20-38 



09/19/2005 17:13 FAX 415 576 0300 



©022/042 



AppL No. 09/673,701 patriot 
Amctt, dated September 1 9, 2005 FA 1 WE 

Amendment under 37 CFR 1.116 Expedited Procedure 
Examining Group 1645 

the Matsushita antibody based oa the results set forth in the reference. Applicants observed that 
Matsushita was published in 1990 and that, following the publication of Matsushita, the only 
anti-HIV-1 immunotoxin to reach clinical trials (the immunotoxin was also directed against HIV. 
1 env) showed disappointing results. Applicants presented abstracts from Ramachandi an et al., 
J. Infect Dis 170:1009-13 (1994) ("Ramachandran") and Davey et at, J. Infect Dis 170:1180^' 
(1 994) ("Davey") reporting the disappointing results. Applicants further pointed out that these 
results were referenced in the specification at page 35, line 26 to page 36, line 6, which observes 
that an immunotoxin using a portion of the CD4 molecule containing the gpl20 binding site had 
unexpectedly high toxicity. Applicants also presented a copy of Goldstein et al., J. Infect Dis 
1 81 521-926 (2000) ("Goldstein"), which states that, in the wake of these reports, the approach 
of using anti-HIV antibodies as targeting moieties for anti-HIV immunotoxins was abandoned. 
Applicants therefore maintained that the teachings in the art shortly after the publication of 
Matsushita were that use of anti-gp!20 antibodies to target immunotoxins to HIV-infected cells 
would not work and that practitioners therefore had no motivation to modify Matushita as argued 
in the Action. 

The present Action maintains the obviousness rejection. According to (he Action, 
the "Ramachandran et al. reference is drawn to CD4-PB40 immunotoxins ware are not analogous 
to the instant invention. Hence any "results' based on the [application of said immunotoxin 
would not have any bearing on the perceived efficacy of immunotoxin based on the combination 
of the cited references." Action, at page 7. Similarly, the Action states that the "Davey et al. 
reference is drawn to sCD4-PE40 immunotoxins which arc not analogous to the instant 
invention. Hence any Vesults* based on the [alppUcation of said immunDtoxin would not have 
any bearing on the perceived efficacy of immunotoxin based on the combination of the cited 
references." Id. Finally, the Action states that the "Goldstein et aL reference was published in 
2000, which was after the invention "was made" and hence would not have been part of the art at 
the time the invention was made." Id 

As an initial matter, Applicants respectfully observe that the Action does not 
explain or set forth any reasoning why considers the CD4-PE40 immunotoxin of the 
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Ramachandran reference and the sCD4-PE40 imraunotoxin of the Davey reference are not 
analogous to the anti-gpl20 immunotoxins of the present invention. The Action merely states it 
as a conclusion. The Applicants respectfully note that it is difficult for an applicant to respond to 
a rejection or, indeed, to determine whether or not it has been properly made, when the office 
action sets forth only a conclusion and not the reasoning on which the rejection is assertedly 
made. Applicants respectfully maintain that proper examination practice requires that the 
examiner set forth his or her reasoning, not just his or her conclusions. 

hi the telephone interview, the undersigned counsel pointed out mat the MPEP 
states that a reference is analogous prior art for the purpose of analyzing obviousness of the 
subject matter at issue if it is either "in the field of applicant's endeavor or, if not, then D 
reasonably pertinent to the particular problem with which the inventor was concerned." MPEP § 
2141.01(a), quoting In re Oetlker, 24 USPQ2d 1443 (Fed Cir. 1992). MPEP §2141.01(a) 
continues by stating that "A reference is re asonably n«rrin«ni if. even th mip n ft may he in « 
different field from mat of the inventor^ en d eavor, it is one which, became of the matter urtt. 
which it deals, logically would have commende d itself to an inventor's attention in m f iA^ 
his problem ." Id, quoting it re Clay, 23 USPQ2d 1058 (Fed. Cir. 1992) (emphasis added). 

Since CD4-PE40 immunotoxins and gpl 20-PE immunotoxins are both ' 
inmrunotoxins intended to kill HIV-infected cells, the undersigned counsel observed during the 
interview that it was hard to understand on what basis Ramachandran and Davey would not 
"logically ... have commended [themselves] to an inventor's attention in considering his 
problem," and therefore had to be considered analogous art under the standard set by the Court 
and adopted by the MPEP. The undersigned counsel farther stated in the interview that the 
Examiner's point that the Goldstein reference was not part of the art at the time the invention was 
made was not well taken since it was cited not for something not known at the time of the 
invention, but for its retrospective statement as to what persons of skill thought following the 
publication of the Ramachandran and Davey studies. The undersigned pointed out that the 
Goldstein reference was therefore cited for what it stated about the art following the publication 
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of the Ramachandran and Davey studies, not for any developments that post-dated the filing 
date. 

In the telephone interview, the Examiner stated that he wpuld accept the 
references as analogous art, and clarified the basis of the tejectioa The Examiner stated that he 
considered that immunotoxins directed to CD4 would bind and kill healthy T-helper cells (which 
express CD4), while the immunotoxins of the invention, which are targeted by antibodies to 
gpl20, would bind to and kill only cells which display gpl20, which is only present on cells 
infected with HIV. (As the Examiner knows, gpl20 is a glycoprotein on the surface of HIV- ! 
that, in relevant part, binds CD4. Cells infected with HIV-1 express gpl20 on their sur&ce. See, 
e.g., specification, at page 34, lines 18-23.) As the Applicants understand the Examiner's 
contention, it is that the Ramachandran reference and (he Davey reference did not remove the 
motivation.provided by Matsushita, as argued by the Applicants, because one of skill would have 
concluded that the toxicity displayed by the CD4-PE40 and sCD4-PE40 immunotoxins would 
not have been exhibited by immunotoxins directed to gp- 1 20-infected cells. 

tFpon reflection, Applicants believe the Examiner's position cannot be sustained. 
First, CD4-PE40 would be expected to bind only to cells that express the gpl20 protein, which 
binds to CD4. Thus, there is no difference between the cells targeted by a CD4-targeted 
immunotoxin and an anti-gp 1 20 antibody-targeted immunotoxin: they both target cells 
expressing gp 1 20 an their surface. 

Second, the problem CD4-targeted immunotoxins showed in clinical trials was 
not related to the loss of CD4+ T-cells or to loss of immune function, as might have been 
expected ftom targeting CD4-expresSing cells. Rather, it was unexpected liver toxicity. See, 
specification at page 36, lines 3-12. This toxicity had not been seen during preclinical studies in 
animals at doses 25 times higher than the maximal dose humans proved able to tolerate. See, 
pages 35-6, bridging paragraph. If liver cells expressed the CD4 molecule, it might be expected 
that liver toxicity would have been seen in the pre-clinical studies. The absence of such toxicity 
in animals suggests that the toxicity seen in human trials was not due to some direct interaction 
between CD4 on liver cells, and therefore was not because the immunotoxin targeted healthy 
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cells along with HIV-infected cells, as suggested by the Examiner. Accordingly, the position 
suggested by the. Examiner does not appear to withstand scrutiny. 

Although the above comments are sufficient to rebut the Examiner's contention, 
for extra measure it is noted that, shortly after the priority date of the present application, Dr.. 
Pastan and scientists from the National Institute of Allergy and Infectious Diseases ("NIAID"), 
published a "Perspective" in the Proceedings of the National Academy of Sciences, See, Berger, 
Moss and Pastan, Proc Natl Acad Sci 95:1 15M 1513 (1998) (copy enclosed. The abstract of this 
article was provided with the Applicants? December 2003 amendment). This article was edited 
by Dr. Anthony Fauci (see page 11511). (Dr. Fauci has been the Director of the NIAID since 
1984. This fact, too, is immediately verifiable and not reasonably sufcgect to dispute.) As the 
undersigned pointed out in the interview, the reference was prepared for the scientific literature, 
not for presentation to the Patent Office. The following is the statement read to the Examiner 
during the interview: 

The high hopes from the promising preclinical findings [with respect to the use of 
CD4-PE40 immunotoxfnj were dashed in the initial Phase I trials with HIV- 
infected patients [citations omitted]. . . . The significant but reversible 
hepatoxfcity greatly diminished enthusiasm for CD4-PE40 in particular and for 
Env-taroeted toxins in general. The CD4-PE40 clinical program was terminated." 
Thus, as pointed out in the previous response and during the interview, the failure of the CD4- 
PE40 immunotaxin in clinical trials was considered by those of considerable skill in the art to 
teach away not only from the use CD4-directed toxins, but also of emMargeted toxins in general, 
presumably including the use of gp- 120- targeted toxins. Applicants appreciate that the Examiner 
has suggested a different conclusion might have been drawn but, with respect, the Examiner's 
conclusion was not the one the reference shows was drawn by persons in the art knowledgeable 
about immunotoxins in general and HTV-1 infections in particular. 

Hie undersigned pointed out in the telephone interview that, although this article 
appeared after the priority date of the application, the statement in question is a characterization 
of the state of the art after the CD4-PE40 trials and prior to publication of the article. The 
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undersized pointed out that this statement, and the corresponding statement in the Goldstein 
reference that the Action did not consider as evidence because it was after the priority date, are 
retrospective statements that do not introduce or rely on information that was not available prior 
to the priority date. Accordingly, the undersigned submits that they should be considered. 

Applicants note that, under new rule 37 C.F.R, §1.1 16(e), the consideration of 
additional evidence after a final action requires a showing of good and sufficient reasons why the 
affidavit or other evidence is necessary and was not earlier presented. Applicants respectfully 
note first, that the cited language from Berger etal.was cited by the undersigned during the 
interview, second, that the abstract of the reference is already of record, and third, that the 
reference is submitted in part in response to the Examiner's contentions during the interview, 
which were not explained or present in the final action. Accordingly, Applicants maintain that 
the submission of the reference at this time is appropriate under §1. 1 16(e). 

The Examiner is also respectfully reminded of the secondary considerations of 
obviousness set forth by the Court in Graham v. John Deere, 383 U.S. 1, 148 USPQ 459 (1966). 
MPEP 2141 makes clear that evidence of secondary considerations of non-obviousness is to be 
evaluated by the Examining Corps in every case. Among these secondary considerations is 
"long-felt need." As stated in the specification, at page 1, first paragraph under Background of 
the Invention, tremendous efforts have been made on understanding the pathogenesis of AIDS 
and in developing therapeutics. There is therefore considerable desire and a long felt need to 
' develop additional therapeutics against HIV-1 infections. (Applicants assume that at this point, 
more than 20 years into die AIDS epidemic, it cannot reasonably be disputed that millions of 
persons worldwide are infected by HIV-1 or that there has been intense research into approaches 
to treating AIDS. Applicants respectfully suggest these are facts which, as required by MPEP 
2144.03, are "capable of such instant and unquestionable demonstration as to defy dispute.") 

Despite this long-felt need, PubMed searches for references on anti-gpl20 
immunotoxins and on anti-HIY immunotoxins show only a handful of publications pertaining to 
either of these matters between the publication of Matsushita in 1990 and the priority date of the 
present application in 1998. None of the references that came up on the search for anti-gpl20 
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immunotoxins or on the anti-HI V immunotoxin search following publication of the Matsushita 
reference appear from their titles actually to relate to the making or testing of ann-gpl20 
immunotoxins. In fact, from the titles, the Matsushita reference is the only reference that came 
up in the search for ano*-gpl20 immunotoxin references that actually appears to relate to making 

an anti-gpI20 immunotoxin. of me two PubMed searches are enclosed. (For accuracy, a 

publication, Pincus and McClure, Proc Natl Acad Sci 90:332-336 (1993) was noted in which, 
although the title does not mention it, anti-gpl20 immunotoxins were used. A copy of this 
publication is also enclosed. Interestingly, although am>gpI20 immunotoxms were used in the 
study, they appear to be of no interest to the authors as possible therapeutics.) Applicants 
maintain that this evidence is appropriate to submit at this time as the Goldstein reference 
submitted in response to the first office action was not considered by the Examiner on the basis 
that it post-dated the priority date. The present submission shows that the Goldstein reference's 
sumnarizatronofuMstateof 

Applicants respectfully submit that the fact that there does not appear to be a 
single publication on the development of an anti-gpl20 immunotoxin b the approximately eight 
years between the publication of Matsushita and the priority date of the present application, 
despite the long felt need to develop anti-HIV therapeutics and the failure of CD4-PE40 
immunotoxin, is clear evidence mat persons of skill were not motivated by Matsushita, alone or 
in combination with Barhas and Pastan, to develop an anti-gpl20 itnmimotoxm. Pursuant to 
MPEP § 2141, the failure of those in the art to develop a gpl20-targeted immunotoxin despite 
the long feh need for fflV-1 therapeutics, and despite the failure of the CD4-PE40 immunotoxin, 
are secondary considerations of non-obviousness that must be taken into account and given 
appropriate weight by the Examiner. 

In short, the Exaininer's hypothesis presented during the interview does not 
withstand scrutiny, the Goldstein and Berger references show that any motivation Matsushita 
provided to create an anti-gpl20 immunotoxin was ended by the results reported by 
Raoiandumdran and Davey, and there are clear secondary considerations of non-obviousness. 
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Reconsideration and withdrawal of (be rejection in view of the discussion above is respectfully 
requested. 

CONCLUSION 

In view of the foregoing, Applicants believe all claims now pending in this 
Application are in condition for allowance and an action to that end is respectfully requested. 

If the Examiner believes a telephone conference would expedite prosecution of 
this application, please telephone the undersigned at 415-576-0200. 



Ily submitted, 




ace J. Hyman 
eg. No. 35,551 

TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, Eighth Floor 
San Francisco, California 94111-3834 
Tel: 415-576-0200 
Fax:415-576-0300 
Attachments: Berger et al. Article 
Pincus et al. Article 

PubMed searches for anti-gpl20 and anti-HTV immunotoxin publications 
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advances, recctf analyses of peripheral blood and lymph nodes 
have revealed the presence of reservoirs of restJnTS" 
memory T cells i bartering htent replkation-competent oro- 
vfrwjTrefc. 2^; reviewed fa lefefTtl). XJfimtfl 
roei^c^ntamoxc^ 

«enentedvery early after primary infectiimBiidpeniitwraiDo 
s^^ c^e after 2 years of HAART. The latently 
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11512 Perspective: Berger et al 

ticulai and for Env-targeted toxins in general. The CD4-PB40 
clinical program was terminated. 

A New Context Siggeats a New Concept: Testable 
Bjfotbeses 

We propose that recent developments with HAART present 
new opportunitica for exploring the therapeutic utility of 
Env-targeted hybrid toxins to help eradicate residual HIV- 
infected cell reservoirs. We hypothesize a plausible mechanism 
for the CD4-PE40 hepatotoxidty observed In HIV-infected 
people and suggest that this problem may not occur in patients 
with the very low viral loads achieved by HAART. We present 
rationales based on in vitro data suggesting that Env-targeted 
toxins might accele rat e the elimination of infected cell reser- 
voir* beyond the rates caused by natural mechanisms. These 
agents may also be useful components of drag cocktailj aimed 
at preventing postexposure infection and mcthex-to-child 
transmission. Of most importance, many of these notions are 
subject to experimental testing in vitro and in animal models. 

The first issue concerns the hepatotoxicity with low doses of 
CD4-PE40 observed in Phase I clinical bHala. Tbis problem was 
unexpected because r^dmical toxicity studies in rodents and 
monkeys indicated much higher tolerated doses. Furthermore, 
it b now dear that her^otoxicrty is not a general property of 
PE derivatives in humans; several anticancer' clinical trials 
conducted with FB-based mimnriotoxrAt have revealed strik- 
ing antitumor responses without hepatotoxicity (26> Why, 
then, was hepatmoxicity encountered with low doses of CD4- 
PE40 in clinical trials with HIV-infected people? We propose 
that the HIV infection, particularly the high vims load, is the 
culprit HIV-infected individuals likely produce free gp!20 
that is shed from virions or mfected cells. Shedding of gpl20 
has been studied extensively to 

tree gpl20 in sera of infected individuals has been reported, 
although precise measurements are confounded by the for- 
matron of immune oomplnxes as well as by the association of 
released gpl20 with calculating CD4+ T rymphocytes (re- 
viewed mrtfi. 27-29). We hypothesize that, in HIV-infected 
patients treated with CD4-FE40, some of the chimeric toxin 
associates with shed gp!20. Because gpl20 is glycosylated 
extensively and contains highly diverse oligosaccharide <**i™ 
(30), the complex Hkely would be a substrate for the human 
hepatocyte asialogrycoproiein receptor, which intornalfees gly- 
coproteins containing terminal galactose or N-acetylgru- 
cosamme residues (Si), The result would be the serious side 
effect of hepatocyte killing. Moreover, gpl20/CD4-PE40 
cmrtplr.Tra bound to anti-gpl20 antibodies might also contrib- 
ute to liver damage. 

According to this hypothesis hepatotoxicity should not be a 
major problem in HAART patients because the low viral loans 
presumably would produce minimal amounts of free gpl20. 
Even on induction of virus expression from latently infected 
memory T lymphocytes, the newly prod need free gpl20 Is 
unlikely to be rnuWematic because the number of such ceHj is 
much smaller than the nrrmber of vinis^pro doting T rympho- 
cytes in patients before HAART (ret 3; also T.-W. Oum, 
persona] oraunujucation); moreover, the newly produced 
gpl20 will have accumulated only during the relatively short 
period after moucticm, in contrast with the prolonged duration 
of gpl20 production before therapy. We also suggest that 
gp 120-mediated toxicity would not be problematic when given 
along with HAART to newly exposed individuals because they 
should not yet have produced significant amounts of free 
gpl20. 

Tb test this model of Cl>4-PE40-mediated hepatotoxicity, 
wc propose that effects of the agent be compared in animals 
with high vs. low levels of free gpl20; we predict that bepa* 
tDtoxicity will be much less severe in the latter r? ^ There are 
several experimental paradigms in which this question can be 



Pro* Natl Acad Sci. USA 95 (1998) 

examined, including comparison of CD4-PE40 hefuitotmociry 
in uninfected vs. chronically HlV-uifected severe combined 
mimunodefident-hu mice or SlV-infected rhesus macaques. 
Perhaps more important is to use these systems to compare 
animals with the normal high viral loads occurring during 
chronic mfection vs. the reduced loads achieved with potent 
antiviral therapy, e.g., HAART In HIV-infected severe com- 
bined immu nodefident-hu mke (32) or reverse transcriptase 
inhibitor therapy in SIV-infectcd macaques (33). A related 
analysis would compare in chronically infected animals the 
effects of hybrid toxins targeted to gpl20 (e,g„ CD4-FE40 and 
£pl20-Urgeted immosotoxms) versus those targeted to gp41; 
according to our model, the latter agents would not produce 
hepatotoxicity even in animals with high virus load because 
gp41 is sot released spontaneously from the membrane. In 
another approach, uninfected animals can be given CD4-PE40 
without or with soluble gpl20 to test directy whether hepa- 
to toxicity depends on both proteins. Together, these experi- 
ments should provide important insights Into whether the 
hepatotoxicity of CD4-PE40 is associated with high viral toad, 
and in particular with free gpl20. 

HAART therapy also pn>vides opportunities to test the 
tfiernpeutic potential of Env-targeted hybrid toxins to eradi- 
cate residual infected cells. The Men a to angmemdteir natural 
rates of decay, which are presumed to reflect the viral cyto- 
pathic effect and host effector m«lnmk»n t (9-11). Several 
previous in vitro studies are proraixtng m this regard, rni 
PJB40 (but sot soluble OM) marlo^dly uhibhed the spread of 
fariectkm in various target cell types (17, 20-23), indudtng 
prmaryTiyrapbccytcs and macrophages acutely rnfected with 
primary HTV-1 strains; the mterpretatiou of these findings Is 
that the toxin accelerates the killing of rnfected cells beyond 
the rates associated with the viral cytx™tlucetrectTheresnIta 
with macrophages are particularry stjuong because these ceDs 
are refractory to HIV-mediated killing daring productive 
infection and axe thought to represent an important viral 
reservoir with markedly slower decay kinetics compared with 
CD4 + T rynrphocytes (9). Also of note are the promising in 
vitro results Indicating highly synergistic effects of CD4-PE40 
and reverse transcriptase inhibitors (23). CD4-PB40 plus 
3'-azkk>-3 r K2dexixythyrnidme or 2 l 3'^deoxyuiosue com- 
pletely inhibited acute vires replication and prevented virua- 
medhited killing of the CEM* target TccH pojrularjori; more- 
over, conruruation of the culture after cessation of drug 
treatment indicated that the infection had been *ifmi«™»~t 
completely. By contrast, each agent alone suppressed virus 
repucanVm during the treatment period, but the pr otective 
effects were reversed on drug removal. These results highlight 
the potential value of coroluiiation treatment involving • 
drng(s) that irdubitx HtVrerrfteatkm plus another that selec- 
tively Idas the rnfected cells. Taken together, these earner 
studies provide impetus for considering Env-targeted toxins to 
augment HAART, particularly in the context of protocols to 
deliberately activate vims production from latently infected 
cell reservoirs. TTieae agents, in combination with other anhv 
retrovirals, may also rirmtnha the frequency of postexposure 
infection and mother-to-child transmission. 

We propose additional lines of 6i vitro and in vivo study. 
Experiments can be designed to orrtimize the tx vivo activation 
of latently infected T rymphocytes obtained from HAART 
patients and to test ex vivo whether an Env-targeted toxin En 
combhation with confirmed HAART rrromotes or accelerates 
killing of the activated cells (similar to the studies noted above 
with acutely infected T cells). As an in vivo parallel to the 
previous in vitro success with combination treatment, we 
propose examination of the combined effects of HAART and 
Env-targeted toxins in HI V-mfected severe combined Immu- 
nodefident-hu mice or STV-infected macaques. Regarding 
efforts to deliberately activate latently infe*-**H cells, in vitro 
experiments would guide the choice of the most promising 
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modes of acttation. Such experiments would suggest whether 
Env-targeted tadxa in the presence of HAART can eradicate 
virus from infected animals. Finally, the ability of the targeted 
toxins to augment other antiretrovfrals in preventing infection 
can be examined In the HIV/severe combined immunodefi- 
cient-hu mouse and the SIV/macaquc models. Favorable 
results in these in vitro and in vivo systems would set the stage 
for safety and efficacy trials of Env-taigeted toxins as com- . 
portents of therapeutic and prophylactic protocols aninst 
HIV. 

Thh work wu funded in put by the National Institutes of Health 
Intramural AIDS Targeted Antiviral Program, 
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ABSTOACT MoaidafiaJ entibedks spedffc for ike »]» 
•n^portkratrf^ 

J™******* IP M» wtrt e^»«il»dlorictaAefc»JiLiB4 
A*ta«>otak actMta aph* HlV^ofictcd eels were 
f T *° a ^J" foyrw "** « absence of sohride CD»4 (sCD4). 

WUUttoa of semtsea of Wedknn HTV. The cthrr of 
w-tMl tauKnootaias ms «A*tH el feast 30-fold eife 
^r»ena of sCW. Thto effart was sprxaV Cor Hr?-ux!eeted 
£_! 5i5S far «fafcrtei eels, aad wis sea it coaccntn. 
bass of sCM as lav as 9 J *tt/ml. AatlgpUO lauofank 
were nor*** loidbtted at h^comlriitaftfiCDC 
Flaw cytometry analyses .stowed that eCP4 tKTiWfee 

<* These ^ 

flatten the etflsnir traffioUag of HIV nTdc^Tpnielm. 
™« <ta *^ ■« fanporUai inpfaaciow fwlhetacr- 
■parte dm of antkHIV hroaaotoxlni aitf soar be i 



CD4 n an integral membrane glycoprotein of helper T (ym- 
pilocytes and serves as the cellular receptor for humaa 
unma^eflckney nnts (HIV) (1). CD4 is bound by the 
extracellular portoon of the viral envelope protein gpl20 
l^abimfing to CD4 the envelope protein undergoes con- 
foraatiooal changei, inckiding release of tree gplJQ from 
vmoos (2, 3), loss of the envelope spikes as viewed by 
rfec^n^enweopy (4) and increased exposure of epitopes 
on the NHj termmus of die transmembrane portion of the 
ttvelope protein gp41 (3). These conformational changes arc 
probablythe earnest steps in the infectious process ftflowr* 
the binding of HIV to its cellular receirtcrVTT^ Sfabi 
represent potential opportunities for therapeutic interven- 
Hon. 

One approach to the treatment of HIV infection is the 
efimmation of celb that actively produce the virus. To this 
eo^aaeatshave been developed that use either antibodies or 
CD4 to deliver a toxic moiety to cells expressing the HIV 
envelope at the cell surface (6-11). These must bind and be 
mternahred to kill the target cell. Accordingly, these reagents 
«e not only potential therapeutic agents bat also probelthat 
may be used to study the cellular trafficking ofVSroviraJ 
proteins. 

We have produced a panel of immutiotoxins that consists 
of anti-envelope antibodies directed against difrcreat 

(RAO (7). Because the addition of sofuble CD4 (sOM) has 
bew i shown toehcr the widbrmarion of the HIV envelope 
^«em^ the effect of sCD4 on the efficacy of am^plS 
X^^!^^ ft " ^wtrated that the toHtro 
efficacy of anto-gp41 immunotoxins was erihanced by at least 

Thepublicatwi coets of this article were defmyed In put by ptee charee 
hi tca rt m c* with II U.S.C. M7J4 solely to iadkaia Mi tun. 



30-fold to the presence ottCDi. Thit effect is most Ultdy <t»t 
« wen a, te toce^ ^ « 

MATERIALS AND METHODS 

SSS!?!?^ 1 ' r w T no,,cW8 COOHtenrfnn. 

y 1 ?^ ? io 1:1 *> pn»A«» tamniMioKini ai de- 
wfted etertwj. CD4-PE4P (9, 11) wm obfleedftw, 

ffi^f^^l ™ f*?"^ 3 "wtecuhr done of HIV. 
HTLV.ni MH (AIDS Kesench and Refenoe ReaaeM Ftn. 
we actively produdng HIV, wbereaa <i» rf H9/MN 
SasTlV S).' CC " ' iBe 1022 to detec 

ImnMmotoxhi efficacy was monitored by two previously 
deaenbed asnys (7). The cytotoxic effect of imnunohnuBi 
wa» mewured on H9/NL4-3 telb in a 72-hr asa^ Cdl7(3 x 
W^were plated in 0J nToT RPM1 JiMOaKdhii W» ?S» 
^Jad^mwnaUwtlomT^nm microtiter wdls (Flow 
JJotem lymbeA was measund dorios (he 
Hnal 16 hr of culture as PSVjetfcJonme fBJ uI3 ntr^Zu- 1 

>»jere of CD4* HeU cells were plated at 3 x 10* cells per 
2-mi(lS-|nm)wdl. HIV-iDfoctcd cdU were tre^for^W 

^ in ^Tf 0 "" J? ld/ *!i CD4; The cdh were theo 
pbted in aeral dihiboM 0 x 10* to 100 cells per well, the 

Sk^Ll^^^* 113 ' T^^rty-toor hours later the 
^Sl^!?^?^ • nonob y« r - F «i of HIV-infected 
eelb were detected by unnnoperoxldase stafahu 2 day* 

tha< scored as infectious centers. ^ 

bJ^ SSSSI 2"* fertbrmed on H9/NLM eeb oo a 
Bec^Dictaisoa Pacttar wing the Indicated monoclonal 

f7). Artfcodjei were used at a concentration of 10 «/ml. 



AMnevistians: HJV, huaan inunonodeflokaeT virm- 
i^iuwesssr. RAC. rldn A dab; zCD*T^ieCoi 
"To whom reprta requesti jhouW bo wjdresjed 



*ina; FIA, fecal 
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rnAb 
77™ 
924 
F» 
MB 
41.1 
41.4 



Mouse 



Specificity 



Mouse 
Humanized* 
Hubub 
Human 



Irrelevant antjgea 
*pl20. V3 loop amino adds 313-324 
Ipl20, V3 teop amino oddi 30wn 
Irrelevant anogen 
fi>41. amino adds 579-fitM 
JB>41, amino adds 579u404t 



Reactivity with HIV isohtea Source or nr. 



No 
IHBooly 
Broadjy rwcUvo 
None 

Broadly nacifve 
Broadly reactive 



13 
? 
13 
14 
J.M. 
J.H. 



. (mAb.) was detent on -vnrh^ pc^ ; ^ ^ ^ 



Spedfidty of inanoctonal antibodie 

HXB-2 envelope sequence (15). — - 

•Ant*ody 1DB is a chimeric antibody with moose variable rr*fe*. u 
Untibody 41,4 react* wakW n*h a JLIuI ^ZLS?? 0 "P 6 * ^ conataat regop,. 



r!l^^^ tUratinB J™"*™*" ^ Prior titration. 
Cells woe incubated sequentially with each antibody for 1-3 

To determine rate* of internalization of HIV antigens, mow* 
clonal antibodies were directly conjngated with WDuores- 
<^5-carboMnudojhexanoJe add, succinimydal ester (Mo- 
lecular Probes) according to the mamiftctnrer'i protocol at a 

D v T^T P Tnr nti ^ 7:h ^'MlOWfneSated 
O «/«""!) for 2 hr at 3TC and then placed in the 

. r™ 1 16 *> median containing 10% fetal calf 
•erum. Al the atdfaued line they wen transferred to cold 
medium containing 0.5% lodium aade. Fluorescctnated an- 
tibody detecting cell swface antigen was quenched by incu- 
XES^SSZEJl 1 hr at 4*C in ^Mtaoreacele antibody 
(M^ectJarProbea) at a concentration previcosiy determined 

Total fluorescence (unqoenched) end internal flnoreseence 
tquenched) were dniermined by flow cytometry. Calculations 
were based upon the mean fluoresce!* value for the entire cell 
population ttudied (i.e.. no fluorescence gain were set). 
Inte^ Onoresccace at each lime point was calculated bv 
wMracthit | the quenched fluorescence at time zero Qjc, the 

oecnr)ftom the quenched fluorescence at the indicated time. 
RESULTS AND DISCISSION 

55 ^i^ y ^ 1 ^" 8ple0 imnmnotOT i» *m examined. 
ib aeiermine if then was enhaocenwnt of intmunotaxin 
efficacy uneaunotoxies were tested at different conceotra- 
^l^Z"" 1 ^ ^ <* 1 « <*»CD4 per ml (Fig. 
^ imnunetoxin efficacy was measured as inMbitioa of 
prweta syntheas en persistently infected H9/NL4-3 cells. 
r>T?™.!l Immunotoxins were tested: 41.1-RAC and 

absence of *CIM, CD4-PE40 and 41.4-RAC were equX 

^^Ji 1 ^ Cqm ' V 2?« i"M*on7ai 
• thirf rf the dose of the others. When $CD4 was added to 
CW*B4£ the expected Inhibition of fa action was ob- 
JJ« of 41.4-RAC and 41.1-RAC wen 

sqjmffcantly enhanced by sCD4. Equivalent texfchy by 41.4- 
^WMs*n«0.oi^ m j lntllepWTOrf ^ J J ld 1 * 
ma/ml in its absence, indicating a 30-fold enhancement of 
lamunctoxni efficacy. With 41.1-RAC. ee^letelumres- 
aon of protein synthesis was seen in the presence of sCD4 at 
the lowest dose tested. (0.01 /ig/ml). indicating that the 
enhancenient was at least 30-fold. possibly greater. A similar 
pose-response was performed on uninfected H9 cells at 
nnmunotoxin concentiations as Ugh as 100 /ig/ml (data not 
„J^:V*™ was no.snppressioa of protein synthesis m 
wunfected ceHs by dther41.1 or 41.4-RAC ntlMprewKew 
absence of sCD4 at any immunotoxin conception. In 



cwrtraat, nonspeafic toxicity of OH^B* on wrinfceted H9 
oeUiwasaeenat concenirations >30 n/al. 

The concentration of sQM required to produce an effect 
onunmunotoxins was next determined \m*Zl ^AntiSl 

opfcraaJ ^ceniraSon of 0.08 Mg/ml. Maximal enhancement 
cf ^effect could be observed at «>o«^trat» 0 rMc/sC&l 

^^^.I^lt^ f r >m ™ V vhiom Wectedcelli and 
W Z°f r ! Me of|pl20 satigens on tkesDrnteTnf 

r^J? ^ «^RAC at effective Oo^a^,^^ 
ue 9Z4, bat not F58, nnmunotoxin was noted (Fig. 3). 




0LO1 .ai 
■""■a^otoaln. p9/itl 



fto- 1- Dose-nsneaw of inumnotogdai In the mmw. ™ 

tCD*Qi&nto. Innmotroantwere tested owiMftfaMi— 
eo^n^,. PBS indx^ prmdn ryuth,* fa O^a^Xy 
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3 1 0J 
•CD4,rt/ml 



0.1 



Pic. 2. Do»-rtfipooM of &CD4 effect upon imnrnwocoxint. The 

HVNL4-3 cells In the presence of rarioes cancutmtfcmt of sCW 
A rti-ffi^l immimotoriM 41. MAC and 41,4-RAC war CertcdiTa 
"*op^eo«ceirtmiDii (0.08 jig/aQ, wbere» untl-fpSliml^ 

[rtmbPSjbfa}**** iocorporBtjon In H9/NU.3^intite 
ebseace of immunomxio was 04,889 cpro. 

The nature of the conformaiionaJ change induced by sCD4 
^^ bc !? To probe this, monoclonal 

antibodies directed against regions ofgp!60 thai are exposed 
on the soluble envelope protein, but not Aincbooaflv acces- 
able on cell^ssodated gplfiO, were used, hoping that sCW- 
induced conformattonal changes may expose these cryptic 
* e J^°P cs <"> ceD surface. The following monoclonal an* 
Hbodjes (with thdrepitopes iwiicated) were coupled to RAC: 
Ml (amino adds 472-477). C6 (amino acids 91-99). B1J 
(amino acids 256-264). 110.1 (amino acids 200-217)' C-l 
(amino acids4W-49*), and C8 (ammo acids 727-732). A1J but 
the last recognize epitopes in gpl20. When tested in the 
presence or absence of sCD4 these immunotoxins had no 
eflfect on H9/NL4-3 cells (data not shown). Thus, sCD4- 
mduced conformational changes do not include the exposure 
of these epitopes on the ceil surface. 

To demonstrate that the effect of sCEM on hnmnnotoxm 
actjon was not restricted to H9/NL4-3 cells, a different HIV 
isolate and different cell types were tested. The FIA was used 
tojasscss the efficacy because in these situations only a small 
proportion of the ceils was expressing viral antigens, render- 
mg the measurement of cytotoxlchy on these populations 
meaningless. The combined effect of 41.4-RAC andsCD4 on 
H9 ceils tnrected with the HIV isolate MN is shown in fig. 
3. Tht imminotoxin alone was ineffective at all three doses 
tested SOW alone showed a small, but significant, dose- 
rchted i^rahzatKm of the infection of the indicator CD4* 

f^. L ?- uscd m conjiinction, virtually complete 

inhibition of HIV mfectiWty was seen at all doses tested A 
simflar experiment was performed using CEM and Dhrfr> 
^1^^ ^^timulated Mast cells acutely infected 
^^1^^ the addition of sCD4 

to^J^^ZJ* 414 i ™niinotoxm at least 
If^^^J^ donc ror V**# increases). Additive 
efficacy of jCD4 and 41.4-RAC was also seen on the PHA 
blasts (not shown). 

Tne mechanism of sCD4 enhancement was studied usinc 
flow cytometry. In the first experiment, indirect inununofl^ 
oresOTice was used to assess the increase in ceil surface 
antigen expression following treatment of H9/NU-3 ceils 




0.1 

l»n«aic4oxln, pqfmk 

FtC 3. Miibitlon of production of iofecoous HIV bv amMii. 

J?*?.!?* (W m, . vS > at }rc 0*- The data indicated 

a*c«8ejn »120. TTi» effect was seen at lower dose* of 
»CD4 u well end was i eaotbtent with previously pubMed 
work 0). However additional fecton may «| W kccmVfor 
1 ^ h * B "™ m f «ini»»noto»li efficacy. Since internal- 

for web- function, (he 
effect of cOM on mteraaKzatioa of antibodies bound to 

fST-fS!?? 1 T^ 1 * 0 * 1 Inobated witk H9/NU-3 
cefliat JTC for increasmg periods of time. Cell metabolism 
v^ther panWytedwfct, .odium azide. The fluorescent 
antibody bound to ccfl surface antigeni was quenched with 
^ i««n«lwd antibody w« fen 

ejected by flow cytometry (Fig. 4B). sCD4 fl AiVmS 
^«<*d the internalization of antibodies 924 (um^pUO) 
and 4M (M^gp4i) but not the irrelevant control antibody 

embody to sCD44i«ated ceils, since it wu seeoWht Tantf? 
body W.wbose binding Is decreased by tCD* 
. V*"*!* indictit «« » addition to Ibe previously 
described effects of sCD4 on the conformation oTtbTeW 
^e protein, sCW also affects the intncellubr circulation of 

"ternatoanM, taken together with the alterations In eeU 
M^antigen exposure, can explain the effects of tCEM on 
uto&l and m+gptM imnmnotoxins. Enhancerent of 
at*w« iMMHi, activity is a result of increased «t. 
posure of tp4i epitopes on the cell surface and Increased 

iS'^ 801)4 ^ °» IhreSyrf 

anD^pia mramnotoxfnj because decreased antigen um- 

"T?_5 ° fl ? t ^ iDCreased f 41 " Inten^iratoT 
,J^!?i '' , P^ men ' al condklons used here, them was a 

TZ ?J5^ cacy u 0f,h<8e tamunotoxins waTentsneed 
*™ by «he addition of sCD4. ThereW^o 
™ e ™ enhaDcemem was accompanied by any 
increase m nonspecific toxicity. CD4-PE40 abo acts by 
binAna to HIV envelope protohi on the surfi^irfected 
cells, is Bnernahzed. and then kills the cells. The data shown 
here demonstrate that CD4-PE40 and the an*gp41tammc- 
toxlns 4M.RAC and 41.4-RAC have very JnSar TSE 
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enact of aCD4 on the fattmafeatioa of eavdana 

■ndian MrtuMCKCt- antibody. tateiMfind mtfca wTom 

f*fo""" ftwresceact) «d oc «i br sCM w . Sfi 
*M«>«iiee unfa fcr antibody 924 and u hxrajTrf 111 fc, 

dose-response curves an persistently infected eefts in the 
«*sence of .CD4; but when sCW I, SedX RAt 

PoU« fRte^lh farther iidvantage. of nonodimal antibody, 
based tmiriDnotoxina inctode a loiter aeram hatf-kfe (21 221 
and lew norapecific toxicity on uninfected tisiuecultnn, ^ 

oe somewtat mere active against acutely infected cells than 
Uk anb-spU immunottxini (S-H.P.. uapobfahed). most 
fiWy due to the additive effect of BetitralSSoaand ^ 

todat are thorn to have clinical utility, « |, llktSy C 
J^ir will involve panda of different iJSSoS 
Because of nnmunogeoictty and HIV variation (23) The« 

ubbodtei and CD4 toxins in the treatment of /UDsT^ 
J££ u&T? l " **** «*a««new of inununotoxia 

whether this eflect will be true to Ww, as well. It is eleartfat 
the concentration! of immunotoxln and sCD4 at which we 

SE™ vrt T^ m ^ ua y * ™ «K 

^tawer. wrth the -urodocticn of CDWmmimotf otafin 
^^"•^ halHives of CD* and immuSS 
are almost Mamcal (21, 22. 24). Thus, it should be™Z 
to coadminister the itwnonotoxin and aM^u^E* 
6. ww, and obtain (he effects we have reported hen? 
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fram a>41 to a variable ^ 

ffi ^™* I f 8p4l 1 . C5) ' wW * «he r^ntonaJn 

tal aJ, °!? ^ ^ ™ vW entry, membnme 
fiisiod, to proceed. The increase In exposure of tteNH, 

( 2 ^ormational changes in the ^/^lcc^TZ 
changes , n U» state ofgp« oHsomerira^uScL^ 
rfHjlM&otngp*!©. TwopJecesoSre^^ereto 
o« these wanes. The first is the failure tf^tocmZ 

gtol that ^ are not global coirfbrmaSonaJrtanKe. 
induced in eavelope protein by CD4 bind™ SeeonlS! 

rf japlffl and gp41. Similar fincha.* ate ^rvedwhencdl 
««nVe receptor, bind their ligands and areTtenS^ 
eoated pits, a phenomenon aasodated with lncrea«^JT 

CD4 Undin. may after the state of a»120/«p41 cliSSzT 

^iSlS Silt ^.^"^h-reb that 
pwifvw-amvea iu v may be less sens tivc to 

than are labomtory ^Tma^o^bl 

awsS^iSiSacaw 

WW** fiwtorj have been proposed for the 
2S£^iJ? ampfes ""^ iraiisfer^p^nwS 

£££ «»ew»istrated. Thus the internal. 

O^rJtampjuBc eincacy. nay be enhanced by theldtf On 
of fra> J^snd . Such an observation would greatly mcrasethe 
■Jg ^cf unmunotorin, in (he therapy m 
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